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ABSTRACT 
Purpose. Investigation of various heat-exchange conditions influence of the tower liquid on the deep wells ther-
mal conditions. 
Methods. Methods of heat-exchange processes mathematical modeling are used. On the basis of the developed 
scheme for calculation, the thermal condition in a vertical well with a concentric arrangement of the drill-string was 
investigated. It was assumed that the walls of the well are properly insulated, and there is no flow or loss of fluid. 
The temperature distribution in the Newtonian (water) and non-Newtonian (clay mud) liquid along the borehole was 
simulated taking into account changes in the temperature regime of rocks with depth. To verify the calculation meth-
od and determine the reliability of the results, a comparative analysis of the calculated and experimental data to de-
termine the temperature of the drilling liquid in the well was performed. 
Findings. A mathematical model for the study of temperature fields along the well depth was proposed and verified. 
A steady-state temperature distribution along the borehole is obtained for various types (Newtonian or non-
Newtonian) tower liquid, with a linear law of change in rocks temperature with depth. It has been established that the 
temperature of the liquid flow at the face of hole and at the exit to the surface depends on the type of liquid used and 
the flow regime. It has been established that due to thermal insulation of drill pipe columns, heat-exchange between 
the downward and upward flow is reduced, which leads to a decrease in the temperature of the downward flow at the 
face of hole, providing a more favorable temperature at the face, which contributes to better destruction of the rock 
and cooling the tool during drilling. 
Originality. The nature of temperature distribution and changes along the borehole under the steady-state mode of 
heat-exchange in a turbulent and structural flow regime for both Newtonian and non-Newtonian circulating liquid 
are revealed. 
Practical implications. The proposed mathematical model and obtained results can be used to conduct estimates of 
the thermal conditions of wells and the development of recommendations for controlling the intensity of heat-
exchange processes in the well, in accordance with the requirements of a specific technology. 
Keywords: heat-exchange processes in wells, mathematical modeling, tower flow, geothermic gradient, Newtonian 
and non-Newtonian liquid 
 
1. INTRODUCTION 
Heat-exchange processes are the main factors deter-
mining the effectiveness of the main technological pro-
cesses related to the exploration and development of 
mineral deposits, the operation of underground infra-
structure projects, the technologies development for the 
use of renewable energy sources, etc. 
In particular, heat-exchange between the drilling  
fluids and rock is taken into account during deep-drilling 
in the development of coal deposits, as well as oil and 
gas. It is known (Makovei, 1986) that providing the ne-
cessary head and rate specification of pumping appliance 
that supports the circulation of drilling fluid in the well, 
makes up to 80% of the total drilling process energy cost. 
Water-base drilling fluid retains technological properties 
up to 230 – 250°С. Under the action of high tempera-
tures, due to the presence of a geothermal gradient, the 
geological and technological characteristics of the dril-
ling fluid change, which must be taken into account 
when determining the required energy consumption (Ha-
san & Kabir, 2010). At higher temperatures, it is neces-
sary to switch to the oil base of the fluid and apply more 
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complex mixtures. Traditional approaches to drilling do 
not allow drilling deep wells at high temperatures for a 
long time, since the heat resistance of existing drilling 
equipment does not exceed 300°C. At temperatures 
above 150°C, there are significant problems with instru-
mentation, especially with electronics. 
Therefore, when designing drilling technology, spe-
cial attention is paid to factors affecting the efficiency of 
the well flushing process, both during exploratory drill-
ing (Kozhevnykov & Dreus, 2018) and in production 
wells during oil production (Cazarez-Candia & Vásquez-
Cruz, 2005). 
The thermal condition of a well largely determines 
the efficiency of gas hydrate development technologies 
(Bоndаrenkо & Sai, 2018), technologies for well equip-
ment with some types of gravel filters (Kozhevnykov, 
Sudakov, Dreus, & Lysenko, 2013) and well insulation 
(Sudakov, Dreus, Ratov, & Delikesheva, 2018), for con-
trolling thermal conditions in underground bodies design 
and operation (Falshtynskyi, Dychkovskyi, Lozynskyi, & 
Saik, 2012; Lozynskyi et al., 2018). Heat-exchange pro-
cesses play the key role in the development of geother-
mal resources (Toth & Bobok, 2015; Morozov, 2017) 
and other alternative energy technologies, in which the 
well performs the function of a heat exchanger (Sarbu & 
Sebarchievici, 2014; Wight & Bennett, 2015). 
Thus, the design and creation of steady-state deep 
wells, their effective operation is not possible without 
studying the thermal conditions in the wells, which re-
quires the development of appropriate models and meth-
ods for calculating the processes of drilling fluids heating 
in the wells. 
2. A SHORT PROFILE  
OF THE STATE OF THE ART 
In the second half of the 20th century, active work 
on drilling deep wells began throughout the world. The 
experience of such works has shown that it is impossi-
ble to limit oneself to the consideration of hydrody-
namic processes in wells without taking heat-exchange 
into account (Es’man & Gabuzov, 1991). One of the 
first bulky fundamental studies of thermal conditions in 
wells are monographs (Bulatov, 1971; Pudovkin, Chu-
gunov, & Salamatin, 1977), where various factors af-
fecting the temperature of heat conductor in the well 
are analyzed, mathematical models are developed and 
analytical solutions are obtained for various problems 
of convective heat-exchange in wells. Due to the  
complexity of conducting experimental studies in oper-
ating wells, it is mathematical modeling that is the 
main tool for studying heat-exchange in the corre-
sponding technologies. 
To date, there are a sufficient number of works de-
voted to the study of heat-exchange processes in wells. 
So, for example, in the works (Fomin, Hashida, Chu-
gunov, & Kuznetsov, 2005; Li et al., 2016; Zhang et al., 
2018) mathematical models are presented and semi-
analytical solutions are obtained for determining the 
thermal interaction between the flow of the tower liquid 
and the rock massif. Changes in liquid temperature along 
the borehole may affect the stability of the well walls. 
The effect of heat-exchange on the stress state of the well 
walls is considered in (Wu et al., 2017). The mathemati-
cal model and calculation method for determining the 
temperature distribution along the borehole of production 
wells of complex structures are presented in works 
(Yang, Li, Deng, Meng, & Li, 2015; Sui, Horpestad, & 
Wiktorski, 2018), computer modeling of hydrodynamic 
and thermal processes in the located near a face well was 
performed in works (Gorman, Abraham, & Sparrow, 
2014; Dreus & Lysenko, 2016). 
Analysis of the known works shows that the heating 
of motive fluids is affected with many factors: the 
magnitude of the geothermal gradient and the depth of 
the well; heat flow generated with pumps and drilling 
tools operation; heat from electrical cables; the heat of 
cement hydration used to isolate wells, etc. Among 
these factors, the most significant is the temperature of 
the rocks surrounding the well. It is known that the 
temperature of rocks increases with depth in accor-
dance with the value of the geothermal gradient, which 
is largely determined by specific geological conditions 
(Zhou, Xiong, & Tian, 2015; Sevillano, De Andrade, & 
Sangesland, 2017). Most models used in practice as-
sume a linear dependence of the rock temperature dis-
tribution on depth. However, the actual law of tempera-
ture distribution in wells may deviate from the linear, 
and with a well depth of more than 2 km, often there 
are no data, both on geothermal gradient value, and on 
rock temperature. Table 1 shows the known data 
(Dreus, Kozhevnikov, & Chayka, 2007) on the rocks 
temperature in some deep and geothermal wells, which 
indicate the ambiguity of the temperature distribution 
of rocks in depth.  
Table 1. Rock temperature in some deep and geothermal wells (Dreus, Kozhevnikov, & Chayka, 2007) 
Well Region Depth, m Bottom hole temperature, °С 
Bertha-Rogers Oklahoma, USA 9583 260 
Montgomery Texas, United States 7132 244 
Athlete-1 (geothermal) Southern California, USA 1440 357 
River Reni (geothermal) Southern California, USA 2469 371 
Kola Kola Peninsula, Russia 12261 212 
Pauzhetska (geothermal) Kamchatka, Russia 600 195 
Great Bath Sources (geothermal) Kamchatka, Russia 425 174 
Tyrnauz (geothermal) North Caucasus, Russia 4001 223 
Saatli Azerbaijan 8324 148 
Kryvyi Rih Kryvyi Rih, Ukraine 5382 85 
СTB-Oberpfaltz Bavaria, Germany 9901 300 
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Thus, the design of drilling technologies or the ex-
ploitation of deep wells often requires variable calcula-
tions. The type of flushing fluid affects the heating of the 
stream circulating in the well. As it is well known, de-
pending on the purpose of the well, environmental condi-
tions and the type of rock, various types of drilling liq-
uids can be used (Luo, Xu, & Jiang, 2014; Alimonti & 
Soldo, 2016; Bulat et al., 2016). Consequently, the effi-
ciency of heating liquids depends on both their thermo-
physical properties and the conditions of heat-exchange 
with the rock. 
The purpose of this work is a theoretical study of var-
ious tower liquid heat-exchange conditions influence on 
the thermal conditions of deep wells. 
3. MATHEMATICAL STATEMENT OF PROBLEM 
Consider the thermal condition in a vertical well with 
a concentric arrangement of the drill-string. Suppose that 
the well walls are properly insulated, therefore, both the 
inflow and fluid loss are absent. The diagram of the fluid 
circulating in the well is shown in Figure 1. 
 
 
Figure 1. Scheme to the calculation of the thermal condition 
in the well 
Based on the heat balance condition, the system of 
differential equations describing the steady-state temper-
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where: 
G – mass flow rate; 
cp – liquid heat capacity; 
t1 – downward flow temperature; 
t2 – upward stream temperature; 
tw – well wall temperature, which is a function of the 
current depth; 
kl – heat-transfer coefficient through the drill-string 
between the downward and upward flow; 
αw – heat exchange coefficient on the well wall; 
H – well depth; 
Q1i, Q2j – heat sources in the downward and upward 
flows, respectively. 
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where: 
d1 – internal diameter of the drill-string; 
d2 – external diameter of the drill-string; 
λ1 – thermal conductivity coefficient of the drill-string 
pipes; 
α1 – heat exchange coefficient on the inner surface of 
the drill-string; 
α2 – heat exchange coefficient on the outer surface of 
the drill-string. 
System (1) – (2) is supplemented with initial conditions: 
at 0h = , 1 int t= ;      (4) 
at h H= , 2 1t t t= + Δ ,     (5) 
where: 
t1 = tin – the temperature of the downward flow on the 
surface; 
t2 = Δt – the bottom-hole temperature increment, due 
to the operation of the drilling tool in the processes of 
drilling wells. 
Important parameters affecting heat-exchange be-
tween the tower liquid and the surrounding rock are heat-
exchange coefficients. As it is known, these coefficients 
are not physical properties and depend on the type of 
fluid, flow regime, surface state, etc. To determine such 
coefficients, semi-empirical criterion equations are used 
in practice. In papers (Santoyo, Garcia, Espinosa, San-
toyo-Gutiérrez, & González-Partida, 2003), the analysis 
of such expressions used to calculate convective heat-
exchange in wells during the flow of Newtonian and non-
Newtonian liquids is performed. Table 2 presents the 
basic equations for determining heat-exchange coeffi-
cients in wells in drilling technologies. 
It should be noted that with prolonged circulation of 
the flushing fluid in the well, the temperature distribution 
on the walls of the well will differ from the natural tem-
perature of the rock. In general case, it is necessary to 
solve both the problem of temperature distribution in the 
fluid and the surrounding rock massif (Fomin, Hashida, 
Chugunov, & Kuznetsov, 2005; Wu, Zhang, & Jeffrey, 
2014). In engineering calculations, to take into account the 
history of non-stationary heat-exchange between the rock 
and drilling liquid, it is advisable to apply the concept of 
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where: 
tr – the natural temperature of rocks.  
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Table 2. Criterion equations for calculating heat-exchange coefficients in wells 
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ρ – liquid density; w – liquid flow rate; D* = D – for flow inside the drill- string; D* = D – d2 – for flow in the annulus of the well; 
μ – coefficient of dynamic liquid viscosity; τ0 – shearing stress of a non-Newtonian liquid; a – liquid thermal diffusivity; λ – heat-
conduction coefficient of the fluid; the subscript “w” means that the parameter is taken at wall temperature: ** – compressed air can 
be used when drilling deep wells in permafrost or dry areas. 
 
The definition of this coefficient is a separate com-
plex task. Moreover, a universal analytical expression for 
this coefficient cannot be obtained. For drilling wells 
with prolonged circulation of the flow, you can use the 
approximate formula proposed in (Pudovkin, Chugunov, 
& Salamatin, 1977): 
( )
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=  – Fourier criterion; 
λr – heat-conduction of rock; 
ar – heat diffusivity of rock. 
After the appropriate transformations, system (1) – (2), 
(4) – (5) can be reduced to a second-order ordinary dif-
ferential equation with one unknown function and the 
corresponding boundary condition: 
( )
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The temperature distribution in the annulus upstream 
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In the particular case, with constant liquid flow 
rates, constant thermophysical properties and heat po-
wer sources, as well as for the linear distribution law, 
formulae (8) – (9) has an analytical solution. However, 
in the general case, to solve a differential equation with 
boundary conditions (8) – (9), it is advisable to use 
numerical methods. 
To verify the calculation method and determine the 
reliability of the results, a comparative analysis of the 
calculated and experimental data to determine the tem-
perature of the drilling liquid in the well was performed. 
As experimental data, we took data (Shcherban’ & 
Chernyak, 1974) obtained during the drilling of deep 
wells by the Nadvornenskyi management of drilling 
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activities (Ivano-Frankivsk, Ukraine). The temperature 
mode of the well was studied using a deep autonomous 
temperature recorder. The experiments were carried out 
at the well 20, the depth of which was 4069 m. The tem-
perature measurements were carried out at depths of 500, 
1000, 2000 m, as well as at the surface. Clay mud was 
used for flushing the wells. Measurements were per-
formed after 2 – 3 hours of washing, i.e. at steady-state 
temperature. Characteristics of the liquid: ρ = 1160  kg/m3; 
λ = 0.71 W/(m·°C); cp = 3.45 kJ/(kg·°C) averaged thermal 
and physical characteristics of the rock λr = 2.21 W/(m·°C); 
ar = 0.308·10-6 m2/s; τ0 = 7.07 N/m2. The average depth 
of the borehole diameter is D = 0.21 m; the clay mud rate 
is G = 20 l/s; and the temperature gradient is σ = 0.025 K/m. 





δ −= ⋅ .    (11) 
Table 3 shows the results of experimental measure-
ments and calculation of drilling liquid temperature for 
the given conditions. 






























0 27 27 — 37 40 7.5% 
500 30 28 7% 39 41 5% 
1000 32 29 10% 41 42 3% 
2000 34 31 9% 43 44 2% 
As we can see from the results of the test calculation, 
the discrepancy between the experimental data and the 
numerical calculation using the considered model does not 
exceed 10%, which can be considered entirely satisfactory. 
4. CALCULATION RESULTS AND DISCUSSION 
On the basis of the mathematical model proposed 
above, steady-state temperature regimes were investiga-
ted in a well with a depth of 2000 m and a diameter of 
0.19 m, under various heat-exchange conditions. The 
inner and outer diameter of the drill pipe is d1 = 0.096 m 
and d2 = 0.1143 m, respectively, the heat-conduction 
coefficient of steel drill pipe is λt = 34 W/(m·K), the 
water flow is G = 70 l/min, which provides a turbulent 
flow regime, and G = 18 l/min for clay mud that provides 
a structural flow regime. The temperature at the entrance 
to the drill pipe is set to 10°C, in the first approximation 
we neglect all sources of heat, except for the heat of the 
surrounding rocks: 
1 2 0i j
i j
Q Q= =  .    (12) 
The value of the geothermal gradient is taken to 
0.03 deg/m, which is most often used in practical calcula-
tions (Alkhasov, 2017). Note that, in accordance with 
Table 1, the heat-exchange in the turbulent flow of clay 
solutions, oil-based solutions and water differs slightly. 
This effect is explained by the fact that during turbulent 
flow there is an intensive mixing of the flow, the flow 
structure of clay or oil solutions is destroyed, and they 
become close to Newtonian liquids. 
Figure 2 shows the temperature in the downward (in-
side the drill pipe) and upward (in the annular) flows of 
water and clay mud in the well in the absence of thermal 
insulation coatings for various liquids. 
 
 
Figure 2. Steady-state temperature distribution (t), over the depth 
of the well (z) in the water flow (1) and clay mud (2) 
Analysis of the results presented in Figure 2 shows that 
under steady-state conditions, the temperature distribution 
in the Newtonian liquid flow (water) takes almost linear 
character, while the temperature difference in the down-
ward and upward flows is insignificant along the entire 
borehole, due to intense heat-exchange between these 
streams. In the clay mud, with structural flow, heat-
exchange between the rock and the upward flow, as well as 
between the upward and downward flows is less intense, 
due to an increase in the convective components of thermal 
resistance. Thus, the maximum temperature value decreases 
as compared with the flow of a Newtonian liquid, but the 
temperature difference between the downward and upward 
flows increases. On the surface, this difference is about 7°С. 
It was theoretically and experimentally shown in 
(Dreus, Kozhevnikov, Sudakov, & Vakhalin, 2016) that 
in order to increase the efficiency of well drilling, it is 
desirable to ensure a low temperature of the downward 
flow at the face of hole. This is possible by insulating the 
drill-string pipes and, thus, reducing the intensity of heat-
exchange between the downward and upward flows. In 
Figure 3 shows the results of thermal conditions calcula-
tion in wells in the presence of thermal insulation coating 
on drill pipes, where the equivalent heat-conduction 
coefficient of drill pipes is λt = 0.14 W/(m·K). 
Temperature distribution of water and clay mud 
flows, presented in Figure 3 shows that due to thermal 
insulation, heat-exchange between the downward and 
upward flow is reduced, which leads to a decrease in the 
temperature of the downward flow at face of hole. Thus, 
it is possible to provide a more favorable temperature at 
the bottom, which contributes to a better destruction of 
the rock and cooling of the tool during drilling. At the 
same time, it should be remembered that a decrease in 
the temperature of liquids leads to an increase in its vis-
cosity and, consequently, an increase in the energy costs 
of its transportation to the face. 




Figure 3. Steady-state temperature distribution (t), over the 
well depth (z) in the water flow (1) and clay mud (2) 
during the thermal insulation of drill pipes 
It should also be noted that in the technologies of 
using the heat of the Earth, it is necessary to ensure the 
highest possible temperature of the upward flow at the 
outlet, that is, on the surface. The above calculation 
results show that in this case it is preferable to use non-
Newtonian liquids under the structural flow regime. 
However, if we apply the technologies of borehole 
walls thermal insulation, for example, thermal insula-
tion of core-shells, as follows from the results obtained 
above, the use of Newtonian fluids will allow to obtain 
a higher difference between the downward and upward 
flow on the surface. 
5. CONCLUSIONS 
As a result, of thermal condition studies performed 
using the proposed mathematical model established the 
following. 
In the steady-state heat exchange and turbulent mode 
of both Newtonian and non-Newtonian tower liquids, the 
temperature distribution along the borehole is linear, 
corresponding to the linear law of change in the tempera-
ture of rocks, with a slight difference between the down-
ward and upward flows. In the case of the structural flow 
of non-Newtonian liquids, the maximum temperature 
decreases, and the difference between the downward and 
upward flows increases. 
Thermal management in wells is possible by creating 
thermal insulation coatings on drill pipes and/or well 
walls. Thus, thermal insulation of drill pipes can reduce 
the temperature of the downward flow and increase the 
temperature difference between the downward and up-
ward flows. 
The simulation results suggest that it is possible to 
control the temperature of the tower liquids at the face of 
the well and at the exit to the surface. 
ACKNOWLEDGEMENTS 
The authors thank the Institute of Geotechnical  
Mechanics named by N. Poljakov of National Academy of 
Sciences of Ukraine (Dnipro, Ukraine) for providing tech-
nical and informational support in this work. 
REFERENCES 
Alimonti, C., & Soldo, E. (2016). Study of geothermal power 
generation from a very deep oil well with a wellbore heat 
exchanger. Renewable Energy, (86), 292-301. 
https://doi.org/10.1016/j.renene.2015.08.031 
Alkhasov, A. (2017). Vozobnovlyaemaya energetika. Moskva, 
Rossiya: Litres. 
Bulat, A.F., Blyuss, B.A., Shevchenko, V.G., Eliseev, V.I., 
Lyakh, M.M., & Dreus, A.Yu. (2016). Razrabotka metodov 
upravleniya parametrami dvukhfaznogo potoka zhidkosti dlya 
promyvki skvazhin. Heotekhnіchna Mekhanіka, (131), 3-13. 
Bulatov, A.I. (1971). Vliyanie temperatury i davleniya na 
kreplenie glibokikh skvazhin. Teplovoy rezhim pri 
sverkhglubokom burenii. Kyiv, Ukraina: Naukova dumka. 
Bоndаrenkо, V.I., & Sai, K.S. (2018). Process pattern of hete-
rogeneous gas hydrate deposits dissociation. Naukovyi 
Visnyk Natsionalnoho Hirnychoho Universytetu, (2), 21-28. 
https://doi.org/10.29202/nvngu/2018-2/4 
Cazarez-Candia, O., & Vásquez-Cruz, M.A. (2005). Prediction 
of pressure, temperature, and velocity distribution of two-
phase flow in oil wells. Journal of Petroleum Science and 
Engineering, 46(3), 195-208. 
https://doi.org/10.1016/j.petrol.2004.11.003 
Chernyak, V.P., & Zolotorenko, Yu.P. (1992). Konvektivnyy 
teploobmіn promyvochnykh sred v buryashchikhsya skva-
zhinakh (obzor). Promyshlennaya Teplotekhnika, (14), 4-6. 
Dreus, A.Yu., Kozhevnikov, A.A., & Chayka, A.I. (2007). O 
modelirovanii protsessov teploperenosa na zaboe pri bure-
nii skvazhiny. Promyshlennaya Teplotekhnika, (3), 29-35. 
Dreus, A., Kozhevnikov, A., Sudakov, A., & Vakhalin, Yu. 
(2016). Study on thermal strength reduction of rock for-
mation in the diamond core drilling process using pulse 
flushing mode. Naukovyi Visnyk Natsionalnoho Hirny-
choho Universytetu, (3), 5-10. 
Dreus, A.Yu., & Lysenko, K.Ye. (2016). Computer simulation 
of fluid mechanics and heat transfer processes at the work-
ing face of borehole. Naukovyi Visnyk Natsionalnoho Hirn-
ychoho Universytetu, (5), 29-35. 
Dzhuraev, R.U., & Merkulov, M.V. (2016). Normalizatsiya 
temperaturenogo rezhima skvazhiny pri burenii s 
produvkoy vozdukhom. Navoi, Uzbekistan: Alisher Navoiy 
Nomli Nashriet. 
Es’man, B.I., & Gabuzov, G.G. (1991). Termogidravlicheskie 
protsessy pri burenii skvazhin. Moskva, Rossiya: Nedra. 
Falshtynskyi, V., Dychkovskyi, V., Lozynskyi, V., & Saik, P. 
(2012). New method for justification of the technological 
parameters of coal gasification in the test setting. Geome-
chanical Processes During Underground Mining – Procee-
dings of the School of Underground Mining, 201-208. 
https://doi.org/10.1201/b13157-35 
Fomin, S., Hashida, T., Chugunov, V., & Kuznetsov, A.V. 
(2005). A borehole temperature during drilling in a frac-
tured rock formation. International Journal of Heat and 
Mass Transfer, 48(2), 385-394. 
https://doi.org/10.1016/j.ijheatmasstransfer.2004.07.042 
Gorman, J.M., Abraham, J.P., & Sparrow, E.M. (2014). A 
novel, comprehensive numerical simulation for predicting 
temperatures within boreholes and the adjoining rock bed. 
Geothermics, (50), 213-219. 
https://doi.org/10.1016/j.geothermics.2013.10.001 
Hasan, A.R., & Kabir, C.S. (2010). Modeling two-phase fluid 
and heat flows in geothermal wells. Journal of Petroleum 
Science and Engineering, 71(1-2), 77-86. 
https://doi.org/10.1016/j.ijheatmasstransfer.2017.08.062 
Incropera, F.P., & DeWitt, D.P. (1990). Introduction to heat 
transfer. Internal flow. New York, United States: Wiley. 
Kozhevnykov, A.A., Sudakov, A.K., Dreus, A.Yu., & Lysen-
ko, Ye.Ye. (2013). Study of heat transfer in cryogenic gravel 
A. Bulat, B. Blyuss, A. Dreus, B. Liu, S. Dziuba. (2019). Mining of Mineral Deposits, 13(1), 58-65 
 
64 
filter during its transportation along a drillhole. Naukovyi 
Visnyk Natsionalnoho Hirnychoho Universytetu, (6), 49-54. 
Kozhevnykov, A., & Dreus, A. (2018). Power consumption of rock 
decomposition process during diamond core drilling using 
pulse flushing. Mining of Mineral Deposits, 12(3), 22-27. 
https://doi.org/10.15407/mining12.03.022 
Li, G., Yang, M., Meng, Y., Wen, Z., Wang, Y., & Yuan, Z. 
(2016). Transient heat transfer models of wellbore and for-
mation systems during the drilling process under well kick 
conditions in the bottom-hole. Applied Thermal Engineer-
ing, (93), 339-347. 
https://doi.org/10.1016/j.applthermaleng.2015.09.110 
Lozynskyi, V., Saik, P., Petlovanyi, M., Sai, K., Malanchuk, Z., 
& Malanchyk, Ye. (2018). Substantiation into mass and 
heat balance for underground coal gasification in faulting 
zones. Inzynieria Mineralna, 19(2), 289-300. 
http://doi.org/10.29227/IM-2018-02-36 
Luo, F., Xu, R.N., & Jiang, P.X. (2014). Numerical investi-
gation of fluid flow and heat transfer in a doublet en-
hanced geothermal system with CO2 as the working fluid 
(CO2-EGS). Energy, (64), 307-322. 
https://doi.org/10.1016/j.energy.2013.10.048 
Makovei, N. (1986). Hydraulics of drilling. Moscow, Russian 
Federation: Nedra. 
Morozov, Yu.P. (2017). Vydobuvannia heotermalnykh resursiv 
i akumuliuvannia teploty v pidzemnykh horyzontakh. Kyiv, 
Ukraina: Naukova dumka. 
Pudovkin, M.A., Chugunov, V.A., & Salamatin, A.N. (1977). 
Zadachi teploobmena v prilozhenii k teorii bureniya skva-
zhin. Kazan’, Rossiya: Izdatel’stvo Kazanskogo Universiteta. 
Santoyo, E., Garcia, A., Espinosa, G., Santoyo-Gutiérrez, S., & 
González-Partida, E. (2003). Convective heat-transfer coef-
ficients of non-Newtonian geothermal drilling fluids. Jour-
nal of Geochemical Exploration, (78), 249-255. 
https://doi.org/10.1016/S0375-6742(03)00146-8 
Sarbu, I., & Sebarchievici, C. (2014). General review of 
ground-source heat pump systems for heating and cooling 
of buildings. Energy and Buildings, (70), 441-454. 
http://doi.org/10.1016/j.enbuild.2013.11.068 
Sevillano, L.C., De Andrade, J., & Sangesland, S. (2017). 
Estimation of undisturbed geothermal gradient in wells 
from measured drilling data: a numerical approach. ASME 
2017 36th International Conference on Ocean, Offshore and 
Arctic Engineering American Society of Mechanical Engi-
neers, (8), V008T11A025-V008T11A025. 
https://doi.org/10.1115/OMAE2017-62205 
Shcherban’, A.N., & Chernyak, V.P. (1974). Prognoz i reguli-
rovanie teplovogo rezhima pri burenii glubokikh skvazhin. 
Moskva, Rossiya: Nedra. 
Sieder, E.N., & Tate, G.E. (1936). Heat transfer and pressure 
drop of liquids in tubes. Industrial and Engineering Che-
mistry, 28(12), 1429-1435. 
https://doi.org/10.1021/ie50324a027 
Sudakov, А., Dreus, A., Ratov, B., & Delikesheva, D. (2018). 
Theoretical bases of isolation technology for swallowing 
horizons using thermoplastic materials. News of the Na-
tional Academy of Sciences of the Republic of Kazakhstan. 
Series of Geology and Technical Sciences, 2(428), 72-80. 
Sui, D., Horpestad, T., & Wiktorski, E. (2018). Comprehensive 
modeling for temperature distributions of production and 
geothermal wells. Journal of Petroleum Science and Engi-
neering, (167), 426-446. 
https://doi.org/10.1016/j.petrol.2018.03.060 
Toth, A., & Bobok, E. (2015). Flow and heat transfer in geo-
thermal systems: basic equations for describing and mode-
ling geothermal phenomena and technologies. New York, 
United States: Elsevier. 
https://doi.org/10.1016/C2013-0-13065-6 
Wight, N.M., & Bennett, N.S. (2015). Geothermal energy from 
abandoned oil and gas wells using water in combination with a 
closed wellbore. Applied Thermal Engineering, (89), 908-915. 
https://doi.org/10.1016/j.applthermaleng.2015.06.030 
Willhite, G.P. (1967). Over-all heat transfer coefficients in 
steam and hot water injection wells. Journal of Petroleum 
Technology, 19(05), 607-615. 
https://doi.org/10.2118/1449-pa 
Wu, B., Liu, T., Zhang, X., Wu, B., Jeffrey, R.G., & Bunger, A.P. 
(2017). A transient analytical model for predicting well-
bore/reservoir temperature and stresses during drilling with 
fluid circulation. Energies, 11(1), 42-59. 
https://doi.org/10.3390/en11010042 
Wu, B., Zhang, X., & Jeffrey, R.G. (2014). A model for down-
hole fluid and rock temperature prediction during circula-
tion. Geothermics, (50), 202-212. 
https://doi.org/10.1016/j.geothermics.2013.10.004 
Yang, M., Li, X., Deng, J., Meng, Y., & Li, G. (2015). Predic-
tion of wellbore and formation temperatures during circula-
tion and shut-in stages under kick conditions. Energy, (91), 
1018-1029. 
https://doi.org/10.1016/j.energy.2015.09.001 
Zhang, Z., Xiong, Y., Gao, Y., Liu, L., Wang, M., & Peng, G. 
(2018). Wellbore temperature distribution during circula-
tion stage when well-kick occurs in a continuous formation 
from the bottom-hole. Energy, (164), 964-977. 
https://doi.org/10.1016/j.energy.2018.09.048 
Zhou, F., Xiong, Y., & Tian, M. (2015). Predicting initial for-
mation temperature for deep well engineering with a new 
method. Journal of Earth Science, 26(1), 108-115. 
https://doi.org/10.1007/s12583-015-0512-4  
МОДЕЛЮВАННЯ ТЕПЛОВОГО РЕЖИМУ ГЛИБОКИХ СВЕРДЛОВИН 
А. Булат, Б. Блюсс, А. Дреус, Б. Лю, C. Дзюба 
Мета. Дослідження впливу різних умов теплообміну циркулюючої рідини на тепловий режим глибоких  
свердловин. 
Методика. Використано методи математичного моделювання процесів теплообміну. На основі розробленої 
схеми до розрахунку досліджувався тепловий режим у вертикальній свердловині з концентричним розташуванням 
бурильної колони. Передбачалося, що стінки свердловини належним чином ізольовані, приплив і втрати рідини 
відсутні. Моделювався розподіл температур у потоках ньютонівської (води) та неньютонівської (глинистого роз-
чину) рідин уздовж стовбура свердловини з урахуванням зміни температурного режиму гірських порід з глиби-
ною. Для верифікації методики розрахунку і визначення достовірності результатів був виконаний порівняльний 
аналіз розрахункових та експериментальних даних з визначення температури промивної рідини у свердловині. 
Результати. Запропонована і верифіційована математична модель для дослідження температурних полів з 
глибиною свердловини. Отримано стаціонарний розподіл температур уздовж стовбура свердловини для різних 
типів (ньютонівських або неньютонівських) циркулюючих рідин при лінійному законі зміни температури гірсь-
ких порід з глибиною. Виявлено, що температура потоку рідини на вибої свердловини і на виході на денну 
поверхню залежить від типу використовуваної рідини і режиму течії. Встановлено, що за рахунок термоізоляції 
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колони бурильних труб знижується теплообмін між низхідним і висхідним потоками, що призводить до зни-
ження температури низхідного потоку на вибої свердловини, забезпечуючи більш сприятливий температурний 
режим на вибої, який сприяє кращому руйнування породи та охолодженню інструменту при бурінні. 
Наукова новизна. Виявлено характер розподілу та зміни температури вздовж стовбура свердловин при ста-
ціонарному режимі теплообміну в турбулентному і структурному режимах течії як для ньютонівських, так і 
неньютонівських циркулюючих рідин. 
Практична значимість. Запропонована математична модель і отримані результати можуть використовува-
тися для проведення оціночних розрахунків теплових режимів свердловин та розробки рекомендацій з управ-
ління інтенсивністю теплообмінних процесів у свердловині відповідно до вимог конкретної технології. 
Ключові слова: процеси теплообміну у свердловинах, математичне моделювання, циркулюючий потік, гео-
термічний градієнт, ньютонівські та неньютонівські рідини 
МОДЕЛИРОВАНИЕ ТЕПЛОВОГО РЕЖИМА ГЛУБОКИХ СКВАЖИН 
А. Булат, Б. Блюсc, А. Дреус, Б. Лю, C. Дзюба 
Цель. Исследование влияния различных условий теплообмена циркулирующей жидкости на тепловой  
режим глубоких скважин. 
Методика. Использованы методы математического моделирования процессов теплообмена. На основе раз-
работанной схемы к расчету исследовался тепловой режим в вертикальной скважине с концентрическим распо-
ложением бурильной колоны. Предполагалось, что стенки скважины надлежащим образом изолированы, при-
ток и потери жидкости отсутствуют. Моделировалось распределение температур в потоках ньютоновской (во-
ды) и неньютоновской (глинистого раствора) жидкостей вдоль ствола скважины с учетом изменения темпера-
турного режима горных пород с глубиной. Для верификации методики расчета и определения достоверности 
результатов был выполнен сравнительный анализ расчетных и экспериментальных данных по определению 
температуры промывочной жидкости в скважине. 
Результаты. Предложена и верифицирована математическая модель для исследования температурных по-
лей по глубине скважины. Получено стационарное распределение температур вдоль ствола скважины для раз-
личных типов (ньютоновских или неньютоновских) циркулирующих жидкостей при линейном законе измене-
ния температуры горных пород с глубиной. Выявлено, что температура потока жидкости на забое скважины и 
на выходе на дневную поверхность зависит от типа используемой жидкости и режима течения. Установлено, 
что за счет термоизоляции колоны бурильных труб снижается теплообмен между нисходящим и восходящим 
потоками, что приводит к снижению температуры нисходящего потока на забое скважины, обеспечивая более 
благоприятный температурный режим на забое, который способствует лучшему разрушению породы и охла-
ждению инструмента при бурении. 
Научная новизна. Выявлен характер распределения и изменения температуры вдоль ствола скважин при 
стационарном режиме теплообмена в турбулентном и структурном режимах течения как для ньютоновских, так 
и неньютоновских циркулирующих жидкостей. 
Практическая значимость. Предложенная математическая модель и полученные результаты могут использо-
ваться для проведения оценочных расчетов тепловых режимов скважин и разработки рекомендаций по управлению 
интенсивностью теплообменных процессов в скважине в соответствии с требованиями конкретной технологии. 
Ключевые слова: процессы теплообмена в скважинах, математическое моделирование, циркулирующий 
поток, геотермический градиент, ньютоновские и неньютоновские жидкости 
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